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[57] ABSTRACT 

A variable resistance transducer responsive to an applied 
pressure including a smooth resistive layer on a flexible 
substrate and deposited thereon by printing or imaging 
technology, small points of nonconductive or scmiconduc- 
tive material, and resistive interdigitating fingers where in 
one finger is a wiper so that position on the resistive layer 
can be sensed. 

3 Claims, 5 Drawing Sheets 
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LAYERED PRESSURE TRANSDUCER LAND 
METHOD FOR MAKING SAME 

This is a continuation of application Ser. No. OS/198,149 
filed on 17 Feb. 1994, now abandoned, 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

This invention relates generally to transducers responsive 
to changes in applied pressure and more particularly to a 
layered, pressure sensitive, variable resistance composition 
and method for making the same. 

2. Description of Related Art. 

Pressure sensitive resistors are known which comprise 
two conductive layers which sandwich a fibrous or sponge- 
like layer containing a resistive material. As the two con- 
ductive layers are compressed together, the number of 
electrically conductive paths through the sandwiched resis- 
tive layer volume increases, thus decreasing Uie electrical 
resistance. While these types of resistors have been used for 
a number of years, they are accompanied by a number of 
problems pertaining to thickness, resiliency, and consis- 
tency. In these types of devices, the resistive layer must be 
resilient enough to force the conductive layers apart when 
the compression force is released. The resiUency of the 
fibrous or sponge -like layer decreases with use causing a 
degeneration in the operation. Furthermore, the resistive 
layer must be relatively thick to provide a dynamic range of 
resistance and the consistency of provide a dynamic range of 
resistance and the consistency of the fibrous or sponge-like 
layer is less likely to be repeatable from device to device. 
Finally, the manufacturing of such a device is labor intensive 
and time consuming. 

An improved, but not entirely satisfactory pressure sen- 
sitive resistor, is described in U.S. Pat, No. 4,315,238 issued 
Feb. 9, 1982, to Eventoff, now assigned to the assignee of 
the present invention. Hiick film technology is employed 
wherein a semiconductive layer is formed by impregnating 
a conductive resin with coarsely ground semiconductive or 
insulating particles to obtain a resin with randomly spaced 
microprotrusions. The resin is screened onto a flexible 
substrate and cured in an oven. The semiconductive layer is 
arranged adjacent to at least one contact layer of either 
conductive or semiconductive material. Applied pressure to 
the flexible substrate causes the microprotrusions of the 
semiconductor layer to make contact with the contact layer 
providing an electrical path therebetween. With lightly 
applied pressures, only the tallest microprotrusion peaks 
provide a conductive path. As applied pressure is increased, 
more and more of the microprotrusions provide contact 
between the two layers. The more contacts between the two 
layers, the lower the electrical resistance. Thus, variable 
resistance occurs because of a greater or a lesser number of 
surface contact locations. 

While an improvement over prior techniques, this system 
suffers from its own drawbacks. Screening the impregnated 
resin uniformly onto the substrate can be labor intensive and 
Ls not the roost controlled process. Additionally, the single 
layer of resin must not only have a consistent resistivity, but 
must also have a consistent distribution of the microprotm- 
sions. Furthermore, since these types of devices are impreg- 
nated with a carbon like material, they are opaque and not 
suitable for transparent transducers. 

It can be seen then that an improved pressure sensitive 
resistor and method of making the same is needed that is 
easy to fabricate, is consistent and repeatable from device to 
device, and employs readily available materials. 
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It can also be seen that improved devices and methods are 
needed which are transparent and may be illuminated from 
the rear. 

5 SUMMARY OF THE INVENTION 

To overcome the limitations in the prior art described 
above, and to overcome other limitations that will become 
apparent upon reading and understanding the present 
specification, the present invention discloses a variable 

10 resistance transducer responsive to an apphed pressure, 
comprising a smooth resistive layer on a flexible substrate 
and deposited thereon small points of nonconducuve or 
semiconductive material. The present invention utilizes a 
conventional resistive film layer having a smooth surface 

15 and a consistent resistivity, and employs printing and imag- 
ing technology to deposit a pattern of nonconducting or 
semiconducting points of relatively controllable, well- 
defined dimensions. 
The nonconductive or semiconductive pattern may be 

^ deposited onto the smooth semiconductive layer in a number 
of ways. A photolithographic process may be employed 
wherein a thin coat of nonconductive photosensitive resin is 
deposited on the smooth semiconductive layer. The resin is 
then exposed with a laser printer or through a mask having 

^ the desired pattern of nonconductive points. The exposed 
areas are then either washed away or remain depending upon 
whether it is a positive or negative process. 

A spray coat process may be utilized such as with an ink 
jet printer system wherein a photocurable insulating polymer 
is sprayed on in the desired pattern and then cured by light, 
heat, or by merely air drying. 

StiU yet another process which may be employed is a 
nonconductive or semiconductive toner system wherein the 
smooth resistive layer is processed through a photocopy 
machine, toner is applied where the nonconductive points 
are desired, and the toner is cured. 

An advantage of the present invention is that manufac- 
turing time and costs arc lowered and accuracy increased by 
utilizing standard rolls of semiconductive film as the smooth 
resistive layer. 

A feature of the present invention is that a highly auto- 
mated and consistent photolithographic, spray coat, or toner 
system is used to impart the desired nonconductive pattern 

45 directiy onto a smooth semiconductive sheet. 

Another feamre of the present invention is that a trans- 
parent nonconductive or semiconductive polymer may be 
deposited on a transparent roll of semiconductive film to 
form a transparent pressure sensitive transducer. The trans- 

50 ducer may be fit over the screen of a computer and illumi- 
nated from the rear and is particularly useful in the con- 
struction of a XYZ digitizer pad. 

These and various other advantages and features of nov- 
elty which characterize the invention are pointed out with 

55 particularity in the claims annexed hereto and forming a part 
hereof. However, for a better understanding of the invention, 
its advantages, and the objects obtained by its use, reference 
should be made to the drawings which form a further part 
hereof, and to the accompanying descriptive matter, in 

60 which there is illustrated and described specific examples of 
devices and methods of making same in accordance with the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 Referring now to the drawings in which like reference 
numerals and letters indicate corresponding elements 
throughout the several views: 
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FIG. 1 depicts a smooth semiconductive layer having a or semiconducting points 18. In the preferred embodiment, 

pattern of nonconductive or semiconductive points depos- the points 18 have a diameter or height on the order of one 

ited thereon in accordance with the principles of the present to ten microns. The points 18 are deposited on layer 16 by 

invention; apparatus and methods described in more detail hereinbe- 

FIG. 2 depicts a greatly enlarged cutaway side view of the 5 low. 

composite layer depicted in FIG. 1; Reference is now made to FIG. 3a which depicts an 

FIG. 3fl and 3b depict side views of composite layers exaggerated and greatly enlarged side view of a composite 

practiced in accordance with the principles of the present layer practiced in accordance with the principles of the 

invention; present invention, A force is applied by finger 13 to base 

FIG. 4 depicts a xerographic apparatus adapted to fabri- '° ^fy/^ ^^^^g ^^"^^^^ semiconductive layer 16 to 

cate the composite layer depicted in FIG. 2; P'^"^^ Th« semiconductive layer 16 

_ - , .1.. * j.j.ri--**i_ makes contact with a conductive or semiconductive layer 19 

FIG. 5 depicts an ink jet apparatus adapted to fabricate the ^^ ^^^^ ^^^^^^^^ ^1 and below points 18. Points 18 are 

composite layer depicted m FIG, 2; compressed between layers 16 and 19 and may deform 

FIG. 6 depicts a first embodiment of a composition 15 themselves, although deformation of these points is not 

practiced in accordance with the principles of the present necessary for the operation of this invention, 

mvention, , . c • • Reference is now made to FIG. 3fc which depicts an 

FIG. 7 depicts a second embodiment of a composihon exaggerated and greatly enlarged side view of yet another 

practiced in accordance with the principles of the present composite layer practiced in accordance with the principles 

mvention; and 20 present invention. A force is applied by finger 13 to 

FIG. 8 depicts a third embodiment of a composition substrate 21 causing the flexible conductive or semiconduc- 

practiced in accordance with the principles of the present tive layer 19 to deform around points 18. The flexible 

invention. conductive or semiconductive layer 19 makes contact with 

semiconductive layer 16, As discussed above with reference 
to FIG. 3a, points 18 are compressed between layers 16 and 
19 and may deform themselves. 

In the following description of the preferred embodiment. Reference is now made to FIG. 4 which depicts a xero- 

reference is made to the accompanying drawings which graphic apparatus adapted to fabricate tlie composite layer 

form a part hereof, and in which is shown by way of depicted in FIG. 2. A stack of sheets of semiconductive layer 

illustration specific embodiments in which the invention 10 are supplied by a series of rollers and belts which transfer 

may be practiced and fabricated. It is to be understood that the layer 10 to a photoconductive belt 20 which is charged 

other embodiments and methods of making same may be to a high voltage. The belt 20 retains the charge on its surface 

utilized and structural changes may be made without depart- for significant periods of time when it is not exposed to light, 

ing from the scope of the present invention. The beh 20 is typically charged by stretching a small 

Reference is now made to FIG. 1 which depicts a general diameter wire across and above its surface. The wire (not 

view of a smooth semiconductive layer and the layer having shown) is raised to a potential of several thousand volts 

a pattern of non conduc tive or semiconductive points depos- creating a strong electrical field which separates the air 

ited thereon .^i\^emiconchicti\^filmlO-comprisesT^flw^ molecules into negative and positive ions. Ions of the same 

/polymS^'film coated with a relatively smooth resistive )^ potential as the negatively charged wire are repelled towards 

f coating su< ^ as , but not limitedjo, carbon loaded resin orj the belt 20 which is coated with a photoconducting surface 

, indium tin ^dgThbseikiiled'in the art will bfable'to bring and normally held to ground potential 43. As the belt moves 

to mind other suitable semiconductive coatings for which into exposure position 45, a xenon lamp 22 flashes to 

the principles of the present invention may be practiced. illuminate a mask 24 disposed on platen 26 and having the 

Many expedients are known for the film 10 including an 45 desired pattern disposed on it. The black images on the mask 

indiumJin_oxideIcoHedI^ trade name 24 do not reflect the light while the non-imaging areas do. 

Inlrex from the Sierracin Corporation of Sylmar, Calif. An optical system 28, comprising of mirrors and lenses, 

Other examples of the semiconductive fil m include, b ut are focuses the reflective light from the mask 24 onto the 

not-limited_ tivM^^T-^™^^^^^^^^^^^ charged belt 20 at exposure position 45 . The light strikes the 

polymer or indium oxide.or.indium-tin.oxide. For the former 50 belt 20 and erases the charges leaving only those areas 

materials, the caibon-loaded polymer is normally milled corresponding to the pattern on the mask 24 to remain 

before coating in order to ensure the smoothness of the charged. 

resulting surface. The coating may be done by a variety of At the toning station 30, toner particles charged to the 

standard methods including spraying, screening, or gravur- opposite potential are bmshed on the belt 20 and are 

ing. 55 attracted to the charged areas. The greater amount of charge 

The semiconductive layer 10 is depicted in FIG. 1 with a in each area of the belt 20, the greater amount of toner 

pattern of nonconductive or semiconductive points depos- attracted to it. This principle allows regulation of the height 

ited thereon as layer 12. The pattern may be a series of or diameter of the patterns to be disposed on layer 10. 

uniform circles or squares or may be a random distribution The electric field of the belt 20 is relaxed by a post 

thereof, the specific pattern not essential for the understand- 60 development lamp 32 and the semiconductive layer 10 is 

ing of the present invention. brought into contact with the belt 20 at position 47. A charge 

Reference is now made to FIG. 2 which depicts a greatly is laid down on the back of layer 10 by the transfer charger 

enlarged side cutaway^ew-of-thejayer 12 depicted in-FIG^ 34 to attract the toner particles onto the semiconductive 

l.jrhe'l3aseiayer'14'is a flexible polymer such'as polyeste?^ layer 10. The layer 10 separates from the bell 20 and is 

and has a smooth resistive layer 16 deposited thereonSucir-^65 carried to a hot roller fuser 36 which softens the toner 

Wacarbon-filled-resin or jnditim.tinoxide.-Disposed.on4op^ particles and presses them onto the semiconductive layer 10. 

of layer 16 is the pattern of aoncompressible, nonconducting The belt recirculates and is erased by eraser lamp 38 and 
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cleaned by cleaner 40 and finally returned to the primary 
charger 42 where it is ready to start another cycle. 

The toner may be a standard nonconductive material 
commonly used with photocopy machines. It should be 
understood that many expedients for nonconductive and 
semiconductive toners are known, any one of which may be 
used without dcpartiog from the scope of the present inven- 
tion. 

It should be understood that a positive photolithographic 
process may be employed wherein a thin coat of noncon- 
ductive or semiconductive photosensitive resin such as 
isobornyl acrylate is deposited on the film 10 and the resio 
is exposed with a laser printer or through a mask having the 
desired pattern of nonconductive points. The unexposed 
resin is then removed with a chemical wash to leave the 
desired pattern of points. Similarly, a negative photolitho- 
graphic process may be employed wherein the exposed 
photosensitive resin is removed leaving behind the desired 
pattern. 

Reference is now made to FIG, 5 which depicts an ink jet 
apparatus adapted to fabricate a material practiced in accor- 
dance with the principles of the present invention. Noncon- 
ductive or semiconductive ink stored in an ink well 45 is 
ejected through a nozzle 44 under pressure and transformed 
into uniform droplets by vibration of a piezoelectric crystal 
46. Examples of such nonconductive ink include those 
commonly used with ink jet printers. The ink droplets are 
deflected onto the semiconductive layer 10 to form layer 12 
by a deflection device 48 which translates platform 47 in the 
XYZ directions. The height of the nonconductive points in 
the pattem are controlled by the size of the ink droplets 
through the nozzle 44 and by the velocity at which they 
contact the semiconductive layer 10. 

In an alternative embodiment, the nozzle 44 may be 
controlled by the deflection device 48 much like an electron 
beam scans a television cathode ray tube to produce a 
picture. A second alternative embodiment employs a bank of 
nozzles in place of nozzle 44, each nozzle being digitally 
controlled by a central processing unit. 

Reference is now made to FIG. 6 which depicts a first 
embodiment of a composition practiced in accordance with 
the principles of the present invention. The first layer 12 
comprising a semiconducting material and having raised 
thereon nonconductive or semiconductive points is posi- 
tioned adjacent a second layer 50. The second layer 50 is a 
polymer film or sheet having conducting or semiconducting 
interdigitating fingers or digitating fingers deposited 
thereon. Layers 12 and 50 face together so that the conduct- 
ing fingers are shunted by the semiconducting layer 12 in 
response to an applied pressure. When no force is applied, 
the resistance between the interdigitating fingers is relatively 
large, preferably 1 megohm or more. With increasing force, 
the resistance drops following an approximate inverse power 
law F a R"^. The width and spacing of the finger pattern 
determines the force range over which the mverse propor- 
tionality holds. By varying the resistance of the semicon- 
ductor 12, the resistance range can be varied so that the 
device can be tailored for a specific application. 

Reference is now made to FIG. 7 which depicts a second 
embodiment of a composition practiced in accordance with 
the principles of the present invention. The first layer 12 
comprising a semiconducting material and having raised 
thereon nonconductive points is positioned adjacent to a 
second layer 52. The second layer 52 comprises a polymer 
film having resistive interdigitating fingers deposited 
thereon wherein one set of the fingers is a wiper arm 51 so 
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that the position of the applied pressure on layer 12 can be 
sensed. A voltage is typically applied between the ''hot" end 

53 and the "ground" end 55 so that \^en force is applied to 
layer 12, the wiper arm 51 is shunted through that layer to 
one of the conducting resistive fingers. Tb\is, the voltage 
read between wiper 51 is proportional to the distance along 
the strip that the force is applied. 

Reference is now made to FIG. 8 which depicts a third 
embodiment which may be practiced in accordance with the 
principles of the present invention. Layers 56, 54, and 58 
comprise a transparent semiconductive material and are 
sandwiched together. The intermediate layer 54 comprises a 
dual sided semiconductive layer having a pattem of trans- 
parent nonconducting points deposited on both sides. Layer 
56 comprises a polymer film having resistive or conductive 
interdigitating fingers deposited thereon wherein one of the 
fingers is a wiper arm and the digitating fingers span from 
top to bottom. Layer 58 is essentially layer 56 rotated 90 
degrees so that the interdigitating fingers span from left to 
right. 

By applying pressure to the sandwiched composition (56, 

54 and 58), linear position of a point can be measured in two 
orthogonal directions. Thus, the position of a point on a 
plane can be completely specified in the X, Y and Z 
direction. The transparent composition may be positioned on 
a computer cathode ray tube without impeding the view of 
the user. 

The foregoing description of the preferred embodiment of 
the invention has been presented for the purposes of illus- 
tration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Any 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the invention 
be limited not to this detailed description, but rather by the 
claims appended hereto. 

What is claimed is: 

1. A pressure sensitive potentiometer comprising: 

a first flexible layer having a smooth semiconducting 
surface and deposited thereon small raised points of 
nonconductive material; and 

a second layer adjacent the first layer and separated from 
the first layer by the raised points of nonconductive 
material, the second layer having a first and a second 
set of interdigitating resistive fingers, the first set of 
fingers being connected to a resistive bar portion run- 
ning across the second layer perpendicular to the first 
and second set of fingers, the bar portion being coupled 
between a preselected voltage applied to first and 
second electrodes connected to respective ends of the 
bar portion, the second set of fingers being connected 
to a wiper arm running across the second layer parallel 
to the bar portion, wherein one of the second set of 
fingers, in response to an applied pressure to the first 
layer which causes the first layer to deform around the 
raised points of material thereby making contact with 
the second layer, is shunted by the first layer to one of 
the first set of fingers so that a voltage at an electrode 
connected to the wiper arm is proportional to a distance 
along which the pressure is applied. 

2. A pressure sensiuve transducer for measuring two 
orthogonal positions comprising: 

a first layer having a first and a second set of interdigi- 
tating resistive fingers spanning top to bottom, the first 
set of fingers being connected to a resistive bar portion 
running across the first layer perpendicular to the first 
and second set of fingers, the bar portion being coupled 
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between a preselected voltage applied to first and 
second electrodes connected to respective ends of the 
bar portion, the second set of fingers being connected 
to a wiper arm running across the first layer parallel to 
the bar portion; 

second layer having a first and a second set of inter- 
digitating resistive fingers spanning left to right, the 
first set of fingers being connected to a resistive bar 
portion running across the second layer perpendicular 
to the first and second set of fingers, the bar portion 
being coupled between a preselected voltage applied to 
first and second electrodes connected to respective ends 
of the bar portion, the second set of fingers being 
connected to a w^)er arm miming across the second 
layer parallel to the bar portion; and 
third layer having a first and second side separated by a 
nonconducting material and having smooth semicon- 
ducting surfaces on each of its sides and deposited 
thereon small raised points of nonconductive material, 
and having regions of non-deposited material between 
the small raised points, the third layer being sand- 
wiched between the first and second layers, and sepa- 
rated therebetween by the small points 
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wherein one of the second set of fingers of the first layer 
in response to an applied pressure to the third layer is 
shunted by the third layer to one of the first set of 
fingers of the first layer so that a voltage at an electrode 
connected to the wiper arm of the first layer is propor- 
tional to a distance along which the pressure is applied 
top to bottom of the first layer; 

wherein one of the second set of fingers of the second 
layer in response to an applied pressure to the third 
layer is shunted by the third layer to one of the first set 
of fingers of the second layer so that a voUage at an 
electrode connected to the wiper arm of the second 
layer is proportional to a distance along which the 
pressure is applied left to right of the second layer; 

wherein the third layer is flexible and responsive to the 
applied pressure to deform around the raised points of 
material thereby making contact with the first and 
second layers in the regions between the deposited 
raised points. 

3. A pressure sensitive transducer as recited in clarni 2 
wherein the first, second, and third layers are transparent. 
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